We calculated the phase shifts of the coupled 3 D3 -3 G3 partial waves of nucleon-nucleon scattering taking into account the 7 S3 ∆ − ∆ channel coupling in the framework of two constituent quark models: the quark delocalization color screening model and the chiral quark model. Our results show that there is a resonance due to partial wave is remarkable, whereas in the 3 G NN 3 phase shifts there is only a small bump around the resonance energy. This result is in agreement with the recent experimental results of WASA-at-COSY Collaboration.
I. INTRODUCTION
Recently, a narrow resonance-like structure has been observed in the reaction pn → dπ 0 π 0 and pn → dπ + π − at a mass M = 2.37 GeV with width Γ ≈ 70 MeV [1] [2] [3] , which indicates the existence of an IJ P = 03 + subthreshold ∆∆ resonance, called d * in the literature. Additional evidences had been found in the exclusive measurements of the quasi-free pn → ppπ 0 π − reaction [4] . A. Pricking et al. suggested that if this observed resonance structure constitutes an s−channel resonance in the pn system, then it should cause distinctive consequences in pn scattering [5] . Then they added the resonance amplitude in the 3 D 3 ( 3 G 3 ) partial wave analysis, estimated the resonance effect in pn scattering and found that the resonance effect improves considerably the description of total cross section of pn scattering and the vector analyzing power A y exhibits the largest sensitivity to the resonance. High precision data are needed for the energy region T n = 1.0 − 1.3 GeV to have a crucial test of the resonance hypothesis. Such measurements have actually been carried out very recently with the WASA detector at COSY, in which the pn analyzing power A y was measured over a large angular range [6] . Incorporating the new A y data into the SAID analysis produces a pole in the 3 D 3 -3 G 3 partial waves as expected from the d * resonance hypothesis.
The possibility of IJ P = 03 + dibaryon state was first proposed by Dyson and Xuong in 1964 [7] , in which a bound ∆∆ state was predicted to lie at 2350 MeV. Goldman et al. [8] showed that the d * should be bound in any QCD based quark model that incorporates color confinement, hyperfine color-magnetic interaction and quark delocalization. They called it inevitable non- * jlping@njnu.edu.cn, corresponding author strange dibaryon d*. The recent three-body Faddeev equation calculation supports the existence of d * [9] . M. Bashkanov et al. further pointed out that the observation of the d * resonance state will rewarm the search of other novel six-quark configurations allowed by QCD [10] . Our former calculations showed that the I = 0, J = 3 d * is a tightly bound six-quark system rather than a loosely bound nucleus-like system of two ∆s [11] [12] [13] . Recently, our group calculated the resonance mass and decay width of the IJ P = 03 + and IJ P = 30 + ∆∆ states and showed that the IJ P = 03 + ∆∆ resonance is a promising candidate for the recent observed one in the so-called ABC-effect [14, 15] . However, where we only calculate the d * resonance in the 3 D 3 partial wave of nucleonnucleon (N N ) scattering [14] . Whether there is a resonance structure in the coupled 3 D 3 -3 G 3 partial waves of nucleon-nucleon scattering as expected in Ref. [5] and the experimental observations of Ref. [6] ? This article reports the results of a channel coupling calculation of the I = 0 N N scattering in the coupled 3 D 3 -3 G 3 partial waves with and without the 7 S 3 d * structure. The direct use of Quantum chromodynamics (QCD), the fundamental theory of the strong interaction, in nucleon-nucleon interaction is still out of reach of the present techniques, although the lattice QCD has made a considerable progress recently [16] . QCD-inspired quark models are still the main approach to study the baryon-baryon interaction. In our former study of the nucleon-nucleon scattering and the d * resonance state, two quark models were used: one is the chiral quark model (ChQM) [17] , in which the σ meson is indispensable to provide the intermediate-range attraction; The other is the quark delocalization color screening model (QDCSM) [11] , which has been developed with the aim to understand the well-known similarities between nuclear and molecular forces despite the obvious energy and length scale differences. In this model, the intermediaterange attraction is achieved by the quark delocalization, which is like the electron percolation in the molecules.
The color screening is needed to make the quark delocalization feasible and it might be an effective description of the hidden color channel coupling [18] . Both two models have been successfully applied to hadron spectroscopy and N N interaction. In this work, we use these two quark models to study the resonance structure in the 3 D 3 , 3 G 3 and the coupled 3 D 3 -3 G 3 partial waves of N N scattering.
The structure of this paper is as follows. A brief introduction of two quark models is given in section II. Section III devotes to the numerical results and discussions. The last section is a summary.
II. TWO QUARK MODELS
The two quark models: chiral quark model and quark delocalization color screening model, have been used in our previous work to study the N N N-hyperon interaction and dibaryon [14] . The details of two models can be found in Refs. [11, 12, 14, 17] . In the following, only the Hamiltonians and parameters are given.
A. Chiral quark model
The ChQM Hamiltonian in N N sector is
Where S ij is quark tensor operator, Y (x), H(x) and G(x) are standard Yukawa functions, T c is the kinetic energy of the center of mass. All other symbols have their usual meanings.
B. Quark delocalization color screening model
The Hamiltonian of QDCSM has the same form as Eq. (1), but without σ meson exchange and a phenomenological color screening confinement potential is used,
if i, j occur in the same baryon orbit,
Here, µ is the color screening constant to be determined by fitting the deuteron mass. The quark delocalization in QDCSM is realized by replacing the left-and rightcentered Gaussian functions, the single-particle orbital wave functions in the usual quark cluster model,
with delocalized ones,
The parameters of two models are fixed by baryon and deuteron properties and/or nucleon-nucleon scattering phase shifts, they are listed in Table I .
C. The calculation method
To calculate the N N scattering phase shifts and resonance states, the well developed resonating group method (RGM) is used. The details of RGM can be found in Ref. [20] . Here only the necessary equations are given. In RGM, the multiquark wave functions are approximated by the cluster wave functions, the internal motions of clusters are frozen and the relative motion wave-function χ(R) satisfies the following RGM equation
where
where φ 1 , φ 2 are the internal wavefunctions of two clusters. A = 1 + A ′ is the anti-symmetrization operator and has the properties, AH = HA, A 2 = A. With this properties, the RGM equation can be written as an integro-differential equation
where E CM = E − E int is the kinetic energy of the relative motion, and W L is the whole exchange kernel
where the exchange kernels of the hamiltonian and overlap are defined as
III. THE RESULTS AND DISCUSSIONS
In order to study the resonance effects in the N N scattering observables, we calculate the N N scattering phase shifts with and without the ∆∆ state, respectively. All the coupled channels are listed in Table II . We first discuss the results from QDCSM. The results are shown in Fig. 1 . The experimental information used for the comparison is the partial waves solution SP07 [21] . scattering phase shifts fit the SP07 data well, especially for the low energy scattering, E CM < 400 MeV. partial wave, the phase shifts at high energy, E CM > 400, deviate from the SP07 data, which rise up slowly.
Secondly, two-channel coupling calculations are per- Fig. (1a) by the dashed line. From Fig. 1(a) we can see that the channel coupling of 7 S
∆∆ 3
has minor effects on phase shifts
for E CM < 400 MeV, but it causes that the phase shifts rise through π/2 at a resonance mass ∼ 2360 MeV. , so the channel coupling phase shifts is exactly the same as the single channel ones. The reason for this is that, if only the two-body interactions are used, as our two quark models assumed, the two-body tensor interaction can only induce a ∆L = 2 change at a time. Therefore, the 7 S scattering are denoted by the dotted lines in Fig. 1(a) and Fig.1(b) , respectively. Obviously, there is no resonance structure in any channel as expected. By coupling to are denoted by the dash-dotted lines in Figs. 1(a) and 1(b) , respectively. We find that there is a remarkable resonance structure in the wave changed less dramatically [6] . In addition, we can see the effect of amplitudes including their mixing amplitude ε 3 for the two quark models in Fig.  3 . From Fig. 3(a) , we can see that the 3 D N N 3 partial wave obtains a typical resonance structure in both models, which is consistent with Ref. [6] . But the resonance mass is ∼ 2360 MeV in QDCSM, ∼ 2410 MeV in ChQM, a little lower and higher than ∼ 2380 MeV in Ref. [6] . From Fig. 3(b) , we can see that both quark models give similar amplitudes of the 3 G N N 3 partial wave. Although there are small structures around the resonance energy, the theoretical results are different from the experimental ones. The real part of amplitude in model calculation rises a little after the resonance energy, whereas the experimental ones fall down. For imaginary part, we have a total inversed results. The amplitude falls down a little in theoretical calculation and rises in experimental measurement [6] . For the mixing amplitude ε 3 as shown in Fig. 3(c) , the real parts of the partial wave in two quark models are consistent with that of Ref. [6] , there is a valley around the resonance energy, whereas the imaginary parts in both models are different from that of Ref. [6] .
IV. SUMMARY
In conclusion, inspired by the recent results of the WASA-at-COSY Collaboration, where they did a partial wave analysis including the new np scattering data and amplitudes including their mixing amplitude ε3 in two quark models. Solid (dotted) curves give the real (imaginary) part of partial-wave amplitudes in QD-CSM, whereas the dashed (dash-dotted) curves represent the real (imaginary) part of partial wave amplitudes in ChQM. Results from Ref. [6] are shown as solid circles (real part) and solid triangles (imaginary part).
found phase shifts there is only a small bump around the resonance energy. This result is also consistent with the recent observations of the WASA-at-COSY Collaboration [6] . From our calculation, one can see that the small bump in the phase shifts of 3 G 3 partial wave of N N scattering is an indication of the existence of a resonance, 7 S ∆∆ 3 .
Moreover, QDCSM and ChQM obtained similar results. Only the mass and decay width of the d * resonance in QDCSM are smaller than that in ChQM. It shows once again the consistency of these two quark models even though they have different intermediate-range attraction mechanisms. Our former study has shown that by including the hidden-color channels in ChQM, the resonance masses are lowered by 10-20 MeV [14, 15] . This fact inferred that the quark delocalization and color screening used in QDCSM might be an effective description of the hidden color channel coupling.
For the partial wave amplitudes, the behavior of the theoretical calculated ones are different from the measured ones. The further study is needed.
